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Abstract
Objective—Evidence for optimal timing of delivery for some pregnancy complications at late 
preterm gestation is limited. The purpose of this study was to identify center variation of indicated 
late preterm births.
Study design—Analysis of singleton late preterm and term births from a large U.S. 
retrospective obstetrical cohort. Births associated with spontaneous preterm labor, major 
congenital anomalies, chorioamnionitis, and emergency cesarean were excluded. We used 
modified Poisson fixed effects logistic regression with interaction terms to assess center variation 
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of indicated late preterm births associated with four medical/obstetric comorbidities after adjusting 
for socio-demographics, co-morbidities, and hospital/provider characteristics.
Results—We identified 150,055 births from 16 hospitals; 9218 were indicated late preterm 
births. We found wide variation of indicated late preterm births across hospitals. The extent of 
center variation was greater for births associated with preterm premature rupture of membranes 
(RR across sites: 0.45 – 3.05), hypertensive disorders of pregnancy (RR across sites: 0.36 – 1.27), 
and placenta previa/abruption (RR across sites: 0.48 – 1.82). We found less center variation for 
births associated with diabetes (RR across sites: 0.65 – 1.39).
Conclusion—Practice variation in the management of indicated late preterm deliveries might be 
a source of preventable late preterm birth.
Keywords
late preterm birth; preterm birth; center variation; practice variation
Over 70% of all preterm births are late preterm (34 0/7th to 36 6/7th weeks).1. Late preterm 
newborns have prolonged hospital stays, more frequent readmissions, more long-term 
morbidities, and increased health care costs compared to term newborns.2–9 Approximately 
30 to 50% of late preterm births follow the onset of isolated spontaneous preterm labor. 10–12 
The remainder of late preterm births is associated with obstetric and/or medical 
complications affecting the pregnancy. Common complications associated with late preterm 
delivery include hypertensive disorders of pregnancy, preterm premature rupture of 
membranes, and placental disorders.10, 12–14 Indicated delivery prior to the onset of 
spontaneous labor may decrease the risk of maternal and perinatal morbidity or mortality. 
However, there is limited evidence guiding the optimal timing of delivery in the presence of 
many maternal/fetal complications during pregnancy.15, 16 Current obstetric 
recommendations for management of late preterm pregnancies are based primarily on 
limited evidence and expert opinion. Since overall neonatal morbidity decreases with 
delivery at advancing gestational age, obstetric management at late preterm gestation is 
complicated by the difficulty in balancing maternal, fetal, and neonatal risks.
Practice variation, either at the provider or hospital/health care system level, driven by 
uncertainty or lack of evidence for an intervention can result in overuse or underuse of 
medical care. Examples in obstetrics and pediatrics include variation in rates of cesarean 
delivery, low birth weight births, neonatal length of stay, and hospital readmissions.17–20 
Practice variation can result in variation in medical care that is independent of patient 
characteristics and illness severity, but rather related to differences in quality and efficiency 
of health care delivery. 21, 22 The paucity of Level A recommendations for management of 
common obstetric/medical complications, supported by randomized controlled trials, meta-
analyses, and/or systematic reviews, at late preterm gestation likely contributes to obstetrical 
practice variation. Without strong evidence supporting the optimal timing for delivery of late 
preterm pregnancies complicated by common co-morbidities, providers’ training and 
specialty, previous experience and practice environment will likely determine practice. 
Between 1990 and 2006, labor inductions and cesarean deliveries increased among late 
preterm births.23 During the same time period late preterm births increased by 25%. Rising 
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rates of late preterm birth likely resulted, in part, from a change in the threshold of delivery 
for pregnancy complications at this gestational age.23, 24 Estimates of potentially preventable 
late preterm birth resulting from elective or non-indicated and “soft call” deliveries range 
from 6 – 23%.10–12 Despite a recent decrease in rates of late preterm delivery, 9% of all US 
births still occur between 34 0/7th and 36 6/7th weeks’ gestation.25 Given the public health 
implications of late preterm birth, it is important to explore underlying obstetrical practice 
variation as a source of potentially modifiable late preterm birth. The purpose of this study 
was to identify center variation of indicated late preterm births in a large multicenter cohort 
of US births.
Methods
This study is a secondary analysis of data from the Consortium of Safe Labor supported by 
the intramural research program at the Eunice Kennedy Shriver National Institute of Child 
Health and Human Development. The Consortium on Safe Labor study was a retrospective 
cohort of 228,562 deliveries between 2002 and 2008 from 19 hospitals in the United States. 
This study has been described in detail in a previous publication.26 Briefly, the Consortium 
on Safe Labor hospitals were chosen for the availability of electronic medical records at 
each institution and geographic distribution covering all districts of the American College of 
Obstetricians and Gynecologists. Data was collected from 228,668 deliveries between 2002 
and 2008. All births at 23 weeks gestation or greater were included. Data from the 
Consortium of Safe Labor includes demographic, medical history, and labor and delivery 
information, as well as obstetric, postpartum and neonatal outcome data extracted from 
electronic medical records and mapped to predefined categories. Data validation was 
performed for four key variables, and electronic medical records were found to be 
reasonably accurate. Information on hospital and provider characteristics, including hospital 
type, was obtained from surveys of local investigators at each study site. Since women could 
have more than one delivery in this cohort we included data on first births only. We excluded 
3 sites due to missing data on key variables (indication for labor induction, insurance status, 
and maternal diabetes). Our analysis included only indicated births at 34 0/7 weeks of 
gestation or greater. We defined indicated births as those occurring after labor induction or 
cesarean delivery without labor as recorded in the medical record. We excluded births with a 
gestational age < 34 0/7 weeks, those associated with spontaneous late preterm labor, major 
congenital anomalies, chorioamnionitis, emergency cesarean, and stillbirths. We chose to 
exclude late preterm births associated with these conditions because they were less likely to 
be explained by practice variation and more likely due to a different decision-making 
process (e.g., emergency cesarean), near-certainty for delivery (e.g., chorioamnionitis), or 
more likely to be delivered at a tertiary hospital (e.g. major anomaly). Stillbirths are usually 
delivered upon diagnosis. Collectively these cases represented a small percentage of the 
study population (Figure 1).
We identified medical risk factors associated with the delivery and spontaneous preterm 
labor from variables in the medical record indicating reason for admission, indication for 
induction or cesarean delivery, and medical and obstetric history information. Premature 
rupture of membranes (PROM) and preterm premature rupture of membranes (PPROM) 
were defined as rupture of membranes without spontaneous labor. Gestational age was 
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recorded in the patient chart defined by best obstetrical estimate based on last menstrual 
period, 1st or 2nd trimester ultrasound, or artificial reproductive technique dating. We 
identified the following socio-demographic and medical risk factors: maternal age, maternal 
race/ethnicity, parity, marital status, insurance type, history of prior cesarean, history of prior 
preterm birth, and medical/obstetric risk factors affecting delivery: PROM/PPROM, 
hypertensive disorders of pregnancy (gestational hypertension, preeclampsia, superimposed 
preeclampsia, eclampsia, hypertension not otherwise specified), diabetes (pre-gestational 
and gestational), placenta previa or placental abruption (diagnosed before labor), other 
maternal conditions (such as chronic hypertension, cardiac disease, renal disease), and other 
fetal conditions (such as fetal growth restriction, oligohydramnios and non-reassuring fetal 
status). Women could have more than one risk factor. We included data on insurance type as 
a proxy for socioeconomic status. We also identified the following hospital and provider 
characteristics: practice type (private practice, university faculty, other), delivery physician 
age, 24-hour maternal-fetal medicine (MFM) coverage, 24-hour neonatologist coverage, and 
geographic region. Hospitals were classified into three categories: university-teaching 
hospital, community-teaching hospital, and non-teaching community hospital. This study 
was determined to be exempt from approval by the University of North Carolina Institutional 
Review Board.
Statistical analysis
In this analysis we sought to examine center variation of indicated late preterm births both 
overall and then for four common medical/obstetric risk factors: PROM/PPROM, 
hypertensive disorders of pregnancy, placenta previa or placental abruption, and diabetes. 
For all analyses, we used modified Poisson regression techniques with a hierarchical 
approach to account for correlated observations within each hospital.27.
To examine center variation in overall indicated late preterm births, we calculated the 
unadjusted and adjusted percent of overall indicated late preterm deliveries in our dataset. 
We developed an initial adjusted model using mixed effect modified Poisson regression with 
a random intercept for site and fixed effects for demographic and medical/obstetric risk 
factors (Model 1). The demographic and medical/obstetric risk factors included in the model 
are those listed above in the methods section. We then examined the effect of hospital and 
provider characteristics on indicated late preterm births. For this, we derived a second model 
(Model 2) by adding hospital and provider characteristics as fixed effects to Model 1. If 
hospital and provider characteristics further explained variation of indicated late preterm 
birth across hospitals, we would expect less variation across hospitals for Model 2 compared 
to Model 1. We did not include hospital type in model development due to correlation with 
other variables. Site variability was examined with a likelihood ratio test of the random 
intercept and statistical significance was assessed using a 50:50 mixture of chi-square 
distributions.28 We then plotted the estimated percent of indicated late preterm births, from 
lowest to highest, across study hospitals (Figure 2).
Second, we examined the center variation of indicated late preterm births for four common 
medical/obstetric risk factors: PPROM, hypertensive disorders of pregnancy, placenta previa 
or placental abruption, and diabetes. For each of the four risk factors we fit a hierarchical 
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Poisson model to calculate the adjusted risk ratio (RR) of late preterm delivery versus 
delivery ≥ 37 weeks for that particular risk factor for each site compared to the cohort’s 
largest site. Each model was identical to Model 2 described above with the inclusion of an 
interaction term site by risk factor random effect. For each risk factor of interest, the 
statistical significance of variability of late preterm birth across sites was examined with a 
likelihood ratio test employing a 50:50 mixture of chi-square distributions. We plotted the 
distribution of RR across the study hospitals from lowest to highest (Figure 3).
The main analysis included 1556 late preterm births where spontaneous onset of labor was 
unknown or missing. We performed a sensitivity analysis by reclassifying these late preterm 
births as spontaneous. PPROM prior to 34 weeks gestation is likely followed by delivery at 
or shortly after reaching 34 weeks gestation (i.e. 34 0/7th weeks), therefore explaining some 
of the center variability. We performed a sensitivity analysis including only births at 35 
weeks gestation or greater. All statistical analyses were performed in SAS 9.3 (SAS 
Institute, Cary, NC).
Results
We identified 228 562 births to women delivering at 19 hospitals as part of the Consortium 
on Safe Labor study, of which 208 695 (93%) were the first birth to a woman in the dataset. 
Among first births in the dataset, 17 630 (8%) were late preterm births. We excluded 58,640 
births based on study criteria, including 213 women excluded due to missing data on 
maternal age. Our final dataset included data from 150 055 births from 16 hospitals, of 
which 9218 (6%) were indicated late preterm births (Figure 1).
Cohort characteristics are presented in Table 1. Most of the births (77%) were to women 20 
to 35 years of age, while 10% occurred to women under age 20 and 13% to women over the 
age of 35. Over half of the births in the cohort (54%) were to non-Hispanic white women 
and 65% of women in the cohort had private insurance. We included births from 5 
university-affiliated teaching hospitals (28%, n=41,538), 9 teaching community hospitals 
(63%, n=93,760), and 2 non-teaching community hospitals (10%, n=14,757) (Table 1). The 
majority of indicated late preterm births (59%) occurred at teaching community hospitals. 
All 16 hospitals in the cohort reported 24-hour obstetric coverage. A large majority of 
deliveries occurred in hospitals with 24-hour MFM and neonatologist coverage. All of the 5 
university-affiliated teaching hospitals and 8 of the teaching community hospitals reported 
24-hour MFM coverage. All of the university-affiliated and teaching community hospitals 
reported 24-hour neonatologist coverage. Neither of the non-teaching community hospitals 
reported 24-hour MFM or neonatologist coverage. Private practice physicians performed the 
majority of deliveries in the full cohort and among indicated late preterm births.
We observed wide variation of indicated late preterm births across hospitals, with indicated 
late preterm births varying from 3.1 to 9.3% (Figure 2, unadjusted model). We found that 
demographic and medical/obstetric risk factors explain some of the center variation of 
indicated late preterm births, with the adjusted percent ranging from 2.7 to 7.4% across 
hospitals (Figure 2, Model 1). The effect of demographics and medical risk factors on the 
percent of indicated late preterm birth varied across hospitals. For example, hospital M had 
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an unadjusted percent > 1% above the overall cohort average, but had an adjusted percent 
that approximated the cohort’s average. Center variation was further explained by also 
adjusting for hospital and provider characteristics (indicated late preterm birth ranged from 
2.9 to 5.9% across hospitals), as noted by some hospitals (e.g., A, H, L, and O) approaching 
the cohort’s overall percent of indicated late preterm birth (Figure 2, Model 2).
We also found wide center variation in the risk of indicated late preterm birth for the four 
medical/obstetric risk factors modeled in our analysis. Variation of indicated late preterm 
births across hospitals (as compared to the reference site) was greatest for births associated 
with PPROM (adjusted RR range across hospitals: 0.45 – 3.05), followed by hypertensive 
disorders of pregnancy (adjusted RR range across hospitals: 0.36 – 1.27) and placenta 
previa/abruption (adjusted RR range across hospitals: 0.48 – 1.82) (Figure 3). We found the 
least variability of indicated late preterm births among those associated with diabetes (RR 
range: 0.65 – 1.39). The interactions between the risk factor and hospital site were 
statistically significant (each p<0.001) for all four risk factors, indicating that the risk of late 
preterm birth for each of these risk factors differed across sites. Although not all hospitals 
had a consistent pattern of risk across risk factors, some hospitals (e.g., E, L, and N) more 
consistently had a lower risk of indicated late preterm birth compared to others (e.g., A, K, 
and P) (Figure 3). Results from both sensitivity analyses also demonstrated significant center 
variation in indicated late preterm births and center variation in the risk of indicated late 
preterm births for the four major risk factors.
Comments
We found wide center variation of indicated late preterm births in a large cohort of US births 
even after controlling for socio-demographic and medical/obstetric risk factors. A portion of 
the remaining center variation was further explained by hospital and provider characteristics, 
thus supporting the role of practice variation as a potential source of modifiable late preterm 
birth.
Obstetric management of maternal or fetal co-morbidities during pregnancy frequently 
includes preterm delivery in order to prevent maternal and perinatal morbidity or mortality. 
Compared to very preterm newborns, neonatal outcomes from late preterm birth are more 
favorable; but late preterm newborns still experience more short and long-term morbidities 
compared to term newborns.6–9 Balancing maternal and fetal risk at late preterm gestation is 
challenging.16 Continuing a late preterm pregnancy in the setting of maternal or fetal 
complications results in decreasing benefit as the pregnancy progresses closer to term. 
Traditionally, the management of high-risk pregnancies shifts at 34 weeks’ gestation.15 For 
example, antenatal steroids are not routinely administered after 33 weeks’ gestation. 
However, this approach is being reexamined with a randomized control trial on the use of 
antenatal steroids in women at risk for late preterm delivery (NCT01222247). With a paucity 
of evidence supporting an optimal timing of delivery for many pregnancy complications, 
provider practice variation likely results in different thresholds for delivery. The increased 
awareness of the morbidities of late preterm and early term birth has resulted in several 
successful quality improvement initiatives designed to decrease practice variation in elective 
deliveries before 39 weeks’ gestation.29–31 The success of such initiatives supports the 
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presence of modifiable practice variation in the management of late preterm births. The 
presence of practice variation in the threshold for late preterm delivery creates an 
opportunity to identify potential areas for further quality improvement activities.
The role of practice variation in health care quality has been described in many areas of 
health care, including obstetrics and neonatology (e.g., cesarean deliveries, labor inductions, 
and low birth weight). 17, 18, 32 Less is known about practice variation surrounding late 
preterm births. Previous studies have described statewide regional variation in late preterm 
births and variation in neonatal care of late preterm newborns.33, 34 In a clinical vignette-
based survey, delivery providers in North Carolina reported variation in delivery decision-
making for indicated late preterm deliveries.35 To our knowledge this is the first study to 
examine center variation of indicated late preterm births.
We found wide variation in the risk of indicated late preterm birth associated with PPROM. 
Late preterm birth associated with PPROM without spontaneous labor is common. 10, 12, 36 
Current practice guidelines recommend delivery for PPROM at 34 weeks’ gestation or 
greater, so it is unclear why there is such variation across hospitals.15 Perhaps there is 
variation because these recommendations are primarily based on data prior to the use of 
latency antibiotics. A 2010 Cochrane review of seven trials did not find a difference in 
outcomes between planned early delivery and expectant management of PROM before 37 
weeks’ gestation.37 The trials included in the Cochrane review were of varying 
methodological quality and only one used prophylactic antibiotics. A recent European study 
found a higher risk of clinical chorioamnionitis with expectant management of PPROM 
between 34 and 36 completed weeks’ gestation, but not an increased risk of neonatal 
sepsis.38 It is possible that practice variation in the management of late preterm PPROM 
might increase until guidelines are revised (whether or not practice changes are 
recommended) and successfully disseminated.
A small proportion (2 – 6%) of non-spontaneous late preterm births are associated with 
placenta previa or abruption.12, 36 Guidelines for the management of pregnancies 
complicated by placenta previa are based primarily on expert opinion, and delivery is 
recommended at 36 to 37 weeks’ gestation.16 Since previous studies on late preterm birth 
outcomes do not consistently address whether the placental disorder was acute or chronic, it 
is difficult to determine whether late preterm births associated with placental disorders are 
modifiable. For this study we were also not able to reliably determine severity or acuity of 
placental disorders. It is possible that differences in disease severity contributed to the 
variation. Interventions directed toward decreasing variation in late preterm births associated 
with placental disorders are less likely to significantly affect late preterm birth rates. Further 
evidence is needed to help guide the timing of delivery in pregnancies complicated by 
placental disorders.
Hypertensive disorders of pregnancy (e.g. preeclampsia, gestational hypertension) are 
among the most common risk factors for indicated late preterm birth.10, 12, 36 Obstetrical 
management of hypertensive disorders of pregnancy varies according to disease severity and 
gestational age. Current guidelines recommend expectant management for mild 
preeclampsia until term gestation and preterm delivery (in consultation with MFM 
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specialists) in severe preeclampsia.15 Approximately 12 to 15% of indicated late preterm 
deliveries are associated with mild preeclampsia, and could be classified as potentially 
preventable late preterm birth.12, 36 We were unable to classify severity of preeclampsia, but 
might speculate severe disease to be more common at tertiary care centers (i.e. teaching 
hospitals) with more specialty services. However, given that we observed a high risk of late 
preterm birth associated with hypertensive disorders of pregnancy across all hospital types 
we speculate that factors other than disease severity influence the risk of late preterm 
delivery. Late preterm delivery in pregnancies complicated by hypertensive disorders of 
pregnancy, particularly gestational hypertension and mild preeclampsia, is a source of 
potentially modifiable late preterm birth.
We found the least center variation in late preterm births associated with maternal diabetes. 
In general, preterm delivery is not recommended unless diabetes is poorly controlled or 
manifestations of severe disease are present. 16 The smaller degree of center variation is 
possibly due to greater agreement on what manifestations of disease should prompt delivery 
(e.g. poor diabetes control, superimposed preeclampsia).
Although our analysis did not focus of center variation by hospital type, we did observe that 
the non-teaching community hospitals in our cohort consistently had a higher risk of 
indicated late preterm birth for PPROM, hypertensive disorders of pregnancy, and placenta 
previa/abruption. Previous evidence supports an increased risk of indicated late preterm birth 
at non-teaching community hospitals. Non-evidence based or potentially preventable late 
preterm births are associated with private insurance, older maternal age, white non-Hispanic 
race/ethnicity, and non-faculty private physicians.11, 12, 36 Our study shows that several of 
these risk factors are more common at non-teaching community hospitals. Conclusions on 
variation by hospital type are limited by the small sample size of non-teaching community 
hospitals in the dataset.
Strengths of this study include the large sample size and multicenter nature of the cohort; 
both characteristics increase the generalizability of our findings. Our study is limited by 
retrospective data collection; because of this we were only able to determine risk factors 
associated with the delivery and not definite indications for delivery. The presence of 
spontaneous labor was also based on the same data collection process, thus the definition of 
spontaneous labor was not standardized. When examining center variation of indicated late 
preterm births we attempted to adjust for possible confounders in a multivariable analysis. 
However, the potential for unmeasured confounders remains, thus possibly preventing us 
from fully adjusting for case-mix. We were unable to establish disease severity for the risk 
factors included in the analysis (e.g. severity of preeclampsia). Disease severity influences 
obstetrical decision-making and may account for some of the variation found in our study. 
Nonetheless, a major strength of our study is the detailed information on maternal 
demographics and pregnancy outcomes from the medical record. Our study does not allow 
us to make inferences on whether differences across hospital types are due to provider or 
institutional practices, or patient preferences and expectations.
Center variation of indicated late preterm births associated with common medical/obstetric 
complications of pregnancy was common in a large cohort of U.S. births. Late preterm 
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newborns are the largest subgroup of preterm births, are at risk for short and long-term 
morbidities, and contribute significantly to neonatal healthcare utilization. Obstetrical 
practice variation in the management of common pregnancy complications (e.g. PPROM, 
hypertensive disorders of pregnancy) may be a source of potentially modifiable late preterm 
birth. Future research should generate evidence on best practice for these obstetric 
complications. Strategies for dissemination of evidence may need to be customized for 
teaching and non-teaching healthcare environments.
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Figure 1. Study Flow Diagram
*3 hospitals excluded due to missing data on key variables
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Figure 2. Percent of indicated late preterm births across study hospitals
Figure refers to late preterm births and study hospitals included in the final study population. 
Error bars refer to 95% CI
Model 1 adjusted for: demographic and medical/obstetric risk factors
Model 2 adjusted for: demographic risk factors, medical/obstetric risk factors, and hospital 
and provider characteristics
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Figure 3. Center variation of risk ratio of late preterm birth by risk factor
All models adjusted for demographics, medical/obstetric risk factors, and hospital and 
provider characteristics
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Table 1
Cohort characteristics (n=150,055)
Study cohort
% (range across sites) Indicated late preterm birth
a
% (range across sites)
Maternal age (years)
<20 10 (2–20) 10 (2–17)
20–25 26 (6–33) 24 (7–32)
25–30 29 (16–39) 27 (18–38)
30–35 22 (14–38) 22 (17–29)
>35 13 (7–38) 16 (7–40)
Race/ethnicity
Non-Hispanic white 54 (4–89) 47 (3–85)
Non-Hispanic black 21 (0.2–65) 29 (0–72)
Hispanic 14 (0–30) 14 (0–25)
Other/Unknown 11 (3–26) 10 (3–22)
Nulliparous 43 (35–48) 45 (38–53)
Married 59 (21–88) 51 (22–83)
Insurance type
Private 65 (23–91) 59 (24–87)
Public 33 (7–70) 38 (10–66)
Self-pay/Other 2 (0–16) 3 (0–16)
Smoker during pregnancy 7 (0.6–19) 10 (0–21)
History of preterm birth 7 (4–10) 18 (14–27)
History of cesarean delivery 13 (10–15) 16 (9–21)
Medical/obstetric risk factor
PROM/PPROMb 13 (2–22) 32 (14–59)
Hypertensive disorders of pregnancy 7 (3–10) 22 (7–33)
Diabetes 6 (3–8) 12 (6–17)
Placenta previa/abruption 1 (0.5–3) 5 (2–10)
Other maternal/fetal conditions 17 (5–26) 27 (8–37)
Hospital type
University teaching (n=5) 28 36
Teaching community (n=9) 63 59
Non-teaching community (n=2) 10 6
Region
Northeast 30 28
Midwest 14 18
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Study cohort
% (range across sites) Indicated late preterm birth
a
% (range across sites)
South 27 35
West 29 19
24 hour MFMc provider on-call 83 86
24 hour Neonatologist on-call 90 94
Physician age (years)
<40 22 (4–47) 24 (3–48)
40 - < 50 34 (20–51) 36 (20–44)
50 - < 60 24 (7–43) 20 (10–40)
≥ 60 11 (1–26) 10 (1–32)
Unknown 9 (0–35) 10 (0–30)
Physician practice type
Private practice 60 (0–98) 51 (0–97)
University faculty 17 (0–76) 24 (0–87)
Other/Unknown 23 (1–100) 25 (2–100)
a
Late preterm included 34 0/7 to 36 6/7 weeks of gestation
b
Premature rupture of membranes (PROM) and preterm premature rupture of membranes (PPROM) were defined as rupture of membranes without 
spontaneous labor
c
MFM: Maternal-Fetal Medicine
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